Introduction {#sec1-1}
============

With a total population of 634,982, Bhutan is one of the smallest and the most sparsely populated country in South Asia. The population is young, with under 15 population estimated to be 42.1%.([@ref1])

Bhutan achieved universal child immunization in 1991, and since then has been maintaining 95% coverage for the primary series of vaccines.([@ref2]) Measles vaccine coverage has been more than 85% since 1994, and possibly over 96% according to the 2000 cluster survey.([@ref3]) Despite high coverage, a large number of cases of measles continued to be reported throughout the country.([@ref3]) Between 1993 and 2002, a total of 3,201 cases of measles were reported, while there were virtually no reports of other vaccine preventable diseases.

Common pathogens causing measles-like illnesses are viruses such as rubella, dengue, parvovirus B19, human herpes virus, and coxsackie virus. It is difficult to differentiate them clinically, and as shown by Oliveria and associates, serological tests are cheap and reliable mode of confirming the diagnosis.([@ref4])

Materials and Methods {#sec1-2}
=====================

Serological surveillance {#sec2-1}
------------------------

Febrile rash outbreaks occurred in eight of 20 districts in the country in 2002, which continued through to 2003. These districts were scattered throughout the country. A total of 201 serum samples were tested for anti-measles IgM and anti-rubella IgM collected by individual health units and tested by the Public Health laboratory at Thimphu.

Retrospective search of data {#sec2-2}
----------------------------

A retrospective data search was made to ascertain evidences of CRS in the country. This required reviewing inpatient record, patient referral record, outpatient records at the JDWNR hospital Ophthalmology department and records maintained by the Physiotherapy department.

Results {#sec1-3}
=======

Serological evaluation of the samples revealed that none of the sample tested positive for measles, whereas 35% tested positive for rubella.([@ref4]) The samples were positive from 77% of the districts indicating that rubella was widespread in the country. Review of inpatient record revealed clinical diagnosis of CRS in two patients in 2003 at the JDWNR Hospital and five patients at the Regional referral hospital. Thirty one out of 87 children recorded at the Pediatrics department at JDWNR Hospital with developmental and behavioral abnormalities in 1999 and 2000 were compatible with clinically confirmed case of CRS. Sixteen children who attended the physiotherapy clinic in 2004 were examined over a period of six months and 7 children fitted in the WHO case definition of clinically confirmed CRS.

Retrospective analysis of outpatient data of ophthalmology department at the JDWNR Hospital showed that the clinic had recorded 13 children with congenital cataract between 2001 to 2003. Foetal congenital anomalies occur with rubella infection before 11 weeks of pregnancy.([@ref5]) Studies show that up to 25% of congenital cataract follows rubella infection in pregnancy.([@ref6][@ref7])

A total of 44 children were referred to tertiary cardiac centers outside the country from January 2000 to May 2004 with congenital heart conditions. A total of 49 new congenital heart examinations were made since October. 2003 till March 2004 at the national referral hospital. Studies in some countries have revealed that upto 56% of congenital heart diseases are associated with rubella infection during pregnancy.([@ref8])

Retrospective analysis of records and other studies highlighted evidence of existence of congenital rubella syndrome (CRS) in significant proportions in the Bhutanese community.

Disease burden and social and economic consequences {#sec2-3}
---------------------------------------------------

Rubella can become a major public health issue when infection occurs during first trimester of pregnancy. This can result in miscarriage or development of CRS in the foetus. Most anomalies occur if rubella infection occur before 11 weeks of pregnancy;([@ref5]) however studies show that up to 25% of congenital cataract follows rubella infection in pregnancy.([@ref6][@ref7])

Rubella occurs as epidemics every 5 to 9 years. The WHO estimates incidence of CRS between 0.5--2.2/1000 live births during epidemics in developing countries([@ref7]) and interpolating it for Bhutan it was estimated that there would be 22--44 cases each year.

The economic costs of treatment are not available for Bhutan but reports from Barbados and Guyana show that lifetime cost of maintaining a child with CRS ranged between US \$50,000--63,990, respectively.([@ref9]) In the Caribbean it was estimated that the cost of eliminating rubella through vaccination was US \$4.5 million as compared to US \$60 million for treating CRS.([@ref9]) Experiences from other countries cost benefit analysis of rubella and CRS prevention show huge social and economic benefits of prevention over treatment.([@ref10])

Planning for mass immunization {#sec2-4}
------------------------------

The data([@ref11]) on burden of disease was presented to the highest policy and decision makers of the country. The issue of rubella and congenital rubella syndrome was debated extensively in the 2004 annual health conference in Thimphu. The conference endorsed that "rubella is an urgent problem in the country and recommended that the Ministry of Health immediately consider possibility of introducing rubella vaccination."([@ref12])

Experts from WHO SEARO and Geneva also conducted field visits and further recommended introduction of rubella vaccinations in Bhutan.([@ref13][@ref14])

A onetime mass rubella immunization campaign followed by routine rubella vaccination was proposed with an aim to eliminate CRS at the earliest through mass immunization of women (reproductive age group) and children (9 months--15 years) and to control rubella through universal vaccination of infants and young children thereby maintaining high immunization levels, and assuring high levels of immunity in women of child bearing age. This was recommended as the fastest method to eliminate CRS and was effectively implemented in Cuba and Malaysia.([@ref15])

Fund for the immunization was mobilized followed by the formation of central and district level committees with representatives from the sectors, members of local religious body, and district and block development bodies. At the same time, the Ministry developed and distributed Information Education and Communication for Health (IEC) materials and engaged in micro planning the mass immunization.

Cold chain facilities were assessed, refurbished, and replenished. Estimates of vaccine and consumables made, procured, and distributed accordingly.

The campaign {#sec2-5}
------------

The campaign was carried out for 5 consecutive days (between 16^th^ to 26^th^ March 2006). This involved a total of 1,495 immunization posts. The first 2 days focused entirely on school children and the next three days (with a gap of 5 days) for the remaining target population in pre-determined posts. A group of international observers monitored the immunization activity.

Coverage {#sec2-6}
--------

A total of 332,041 individuals were immunized with MR vaccine against an enumerated target of 338,760. The overall coverage of the campaign was 98.17% \[[Figure 1](#F1){ref-type="fig"}\].
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Rapid convenient assessments of twenty house hold cluster was conducted immediately after the campaign. The assessments revealed coverage of 98 to 99% in children and 93 to 97% in women. The main reasons of non-receipt of vaccine in children were sicknesses, while it was pregnancy in women.

Vaccine wastage was minimal of 5.5%. It ranged between 2.9% and 16.2% in different districts. Maximum wastage was reported from those districts that had lesser and scattered population.

Adverse event following immunization {#sec2-7}
------------------------------------

All vaccines were detained for 30 minutes following immunization. No anaphylaxis was reported from any vaccination post. Headache, fever, and body ache were the commonest complaints (55%) followed by pain at injection site (24%), nausea, and joints pain among those who complained. Hysterical reactions in girls were reported from several posts; however, they were all transient and recovered uneventfully. There was no report of encephalopathy or aseptic meningitis. No death was reported. All AEFI cases recovered without squeal.

Discussion {#sec1-4}
==========

Relying on Bhutan\'s strengths of well distributed health facilities and past experiences of conducting mass immunization, measles rubella mass immunization campaign was the most pragmatic approach to control rubella and eliminate CRS in the shortest possible time.

Preparation for the campaign embraced a bottom up approach. The key to the success of the campaign were an accurate estimate of the target population, good grass root level planning, commitment of health workers, efficient vaccine delivery, high quality immunization services, good social mobilization, public support, and strong political will.

There are two important caveats to routine infant rubella immunization; to ensure that the child bearing population is protected against rubella and to maintain a high coverage of rubella vaccination indefinitely. Failure to maintain rubella vaccine coverage above 80% can result in an increase in the incidence of CRS on the long term.([@ref16])

Following the campaign, monovalent measles vaccine in vogue was replaced with combined MR vaccine. Further, keeping Bhutan\'s commitment to the international goal of measles elimination, a booster dose of MR was recommended to be administered routinely to every child at 24 months. Additional efforts such as surveillance, continuing IEC, and availability of vaccine are required to sustain high rubella coverage to avert breakthrough epidemics.

Comparison with similar campaigns {#sec2-8}
---------------------------------

In the United Kingdom, all children 5 -- 16 year were offered MR vaccine in November 1994. The campaign was carried out through schools. Coverage of 90% was achieved.([@ref17]) In New Zealand, MR immunization was carried out in schools and in the community with a coverage of 56--85%.([@ref18]) Albania carried out a nationwide immunization campaign in November 2000 that included children 1-14 years of age with a coverage of 99%.([@ref19]) Similarly, Hong Kong Special Administrative Region carried out a mass immunization campaign with MMR in 1997, covering children between 1--19 years of age. The overall coverage was 77% with highest coverage of 90% in 6-11 years age group, 65% coverage in 1--5 years, and 74% in 12--19 years group.([@ref20])

All these campaigns achieved a high coverage; however, none included women of reproductive age. The Bhutan campaign covered children of wider age range of 9 months to 15 years and reproductive age women 15 to 44 years achieving a very high coverage. This was done to maximize immunization coverage for rubella and to lead towards measles elimination.

It was once again demonstrated that despite limited resources, with strong political commitment and efficient planning and coordination, public health campaigns of such magnitude can be successfully implemented.

Impact of rubella immunization {#sec2-9}
------------------------------

Zero reporting of all febrile rash cases in up to 15 years of age along with mandatory serology for rubella and measles was introduced following the campaign. IgM positive rate for rubella has progressively declined for 2007 and 2008 reaching an all time low of 1.4% for the later. One sample tested positive for rubella and two for measles out of 36 samples collected in 2009 and 3.3% for 2010 \[[Figure 2](#F2){ref-type="fig"}\].
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Febrile rash cases has decreased significantly to an average of 63 (range 52 to 67) each year from 399 (range 148--683) before the campaign. The proportion of measles positive among febrile rash has increased from 3 to 3.7% in 2003 to 2006 to 10 to 20% between 2007 and 2010. This could possibly be due to a significant drop in the cases of rubella and a decrease in total case load with similar basal measles transmission rates.

No new case of congenital rubella syndrome was reported from any hospital.

Striving towards measles elimination {#sec2-10}
------------------------------------

Although the campaign was targeted controlling rubella and eliminating CRS, the goal of measles elimination was always kept in mind. Since the WHO has set the goal in the regions of the Americas, the Eastern Mediterranean, and Europe,([@ref21]--[@ref23]) it is prudent that other countries follow suit.

Measles elimination is the interruption of transmission of measles in a sizeable geographical area in which vaccination would nevertheless need to continue because of the continued threat of reintroduction of the virus. The WHO and UNICEF have recommended, that a "second opportunity" for measles and rubella immunization be provided to all children through routine immunization.([@ref23])

Immunization was initiated in Bhutan in 1979 with six antigens, measles, being one of them. The first 30 cluster coverage survey in 1990 ascertained measles coverage of 93% (95% CI, 83%--100%). Subsequent survey in 2002 established enhanced measles coverage of 96% (95% CI, 86%--100%). Measles mass immunization campaign was carried out nationwide in1995 and 2000 with an achievement of more than 99% coverage. The joint WHO and UNICEF review of immunization in July 2009 has revealed coverage of 99% for measles.([@ref24])

It is pertinent that Bhutan maintains very high measles immunization coverage. Two doses of MR vaccination is mandatory requirement for the child\'s school entry which further ensures that these are received by six years of age.

Conclusion {#sec1-5}
==========

Bhutan is one among the very few countries in the region that have championed mass MR immunization of children and women of child bearing age. This will limit circulating rubella virus in communities and decrease or eliminate CRS. Surveillance of CRS must be initiated at all health centers, screening all newborn and zero reporting. Periodic sero-surveillance of ante-natal mothers must be performed to study susceptibility of rubella infection. The campaign has doubly strengthened Bhutan\'s efforts towards measles elimination.

Early awareness gave enough opportunity to the target population for informed decision making. Meticulous bottom up micro-planning and good IEC coverage were some effective tools for the communities to garner ownership of such program. High commitment at all levels, appropriate training of manpower, clear policy, and operational guidelines were other important key to success of the program.
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